a b s t r a c t
Aging effects on the Wisconsin Card Sorting Test (WCST) are fairly well established but the mechanisms of the decline are not clearly understood. In this study, we examined the cognitive and neural mechanisms mediating age-related increases in perseveration on the WCST. MRI-based volumetry and measures of selected executive functions in conjunction with the WCST were obtained in a sample of 117 healthy young and older adults. Path analysis indicated that age-related increase in perseveration is completely accounted for by declines in processing speed and temporal processing, deficits in working memory mediated by decreased prefrontal cortical volume, and the indirect influence of prefrontally-mediated declines in inhibition via working memory. We conclude that age-related increase in perseveration is indeed differentially dependent on the integrity of prefrontal cortex and on declines in selected cognitive processes dependent on this region. © 2009 Elsevier Ltd. All rights reserved.
Cognitive performance depends on the ability to plan, keep track of multiple options, inhibit sub-optimal responses, and switch among tasks while maintaining information in memory. Those skills constitute the broad and somewhat ill-defined construct executive functions (EF; Eslinger, 1996; Miyake, Friedman, Emerson, Witzki, & Howerter, 2000) . Multiple EF components decline with age (e.g., Verhaeghen & Cerella, 2002; Zacks & Hasher, 1994) and reduced executive control mediates age deficits in other cognitive domains (e.g., Salthouse, Atkinson, & Berish, 2003) .
A popular task used in many investigations of age effects on EF is the Wisconsin Card Sorting Test (WCST; see Rhodes, 2004 for review). In WCST, participants sort cards depicting simple geometric designs according to design elements with sorting rules discovered through minimal feedback. After a pattern of correct sorting is established, the rule changes and the participant must adjust to the change. WCST is sensitive (though not specific) to effects of lesions in prefrontal cortex and white matter. The most prominent result is increase in perseverative errors, i.e. tendency to persist in a specific response despite feedback indicating it is no longer correct (see Demakis, 2003 for review). Effects of age on WCST performance resemble those of prefrontal lesions (see Rhodes, 2004 for review), but the cognitive and neural mechanisms underpinning these age-related differences are poorly understood.
Performance on WCST and age differences therein, depend on multiple processes such as working memory, processing speed, inhibition, and set-shifting (e.g., Ashendorf & McCaffrey, 2007; Fristoe, Salthouse, & Woodard, 1997; Hartman, Bolton, & Fehnel, 2001; Miyake et al., 2000) . Structural and functional integrity of prefrontal cortex and adjacent white matter may mediate age effects on perseveration, possibly via association with working memory (Esposito, Kirby, Van Horn, Ellmore, & Berman, 1999; Gunning-Dixon & Raz, 2003; Head, Raz, Gunning-Dixon, Williamson, & Acker, 2002; Raz, Gunning-Dixon, Head, Dupuis, & Acker, 1998) .
To date, limited neuroanatomical and cognitive mediators were explored as predictors of perseveration on WCST. Thus, the primary goal here was to examine dissociations among multiple brain regions and cognitive processes that may explain age differences in perseveration among healthy adults. We evaluated a series of competing path models and examined contributions of brain regions (prefrontal cortex, prefrontal white matter, caudate, hippocampus), processing speed and four executive mediators -working memory, inhibition, task-switching and temporal processing -to age differences in perseveration. Selection of regions was dictated by their
